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(57) ABSTRACT 

An introducer sheath has an inner ?uorocarbon liner, a 
reinforcing member disposed radially outWardly from the 
liner, and a polymeric intermediate layer positioned longi 
tudinally over the reinforcing member and inner liner. A heat 
shrink layer formed of a block copolymer having cross 
linked and non-cross-linked functional groups comprises an 
outer layer of the sheath. During for of the introducer sheath, 
the intermediate layer is melted and compressed in the heat 
shrink layer in a manner such that the inner surface of the 
intermediate layer bonds to the outer surface of the inner 
liner through spacings of the reinforcing member, and the 
outer surface of the intermediate layer bonds With non-cross 
linked active functional groups of the heat shrink layer. 

20 gr 01L —tUl \ 

25 
21+ 



Patent Application Publication Sep. 7, 2006 Sheet 1 0f 3 US 2006/0200110 A1 

/ 

mm om 
w 

N 

\ m 2 mm 

m T i Km \/1 3J2 . 
2 Q _ O_n_ 



Patent Application Publication Sep. 7, 2006 Sheet 2 0f 3 US 2006/0200110 A1 

lo 2 

q\ \ 

mmzié \\ \\ 

/ JOE 

\ 

u 

m .oI 



Patent Application Publication Sep. 7, 2006 Sheet 3 0f 3 US 2006/0200110 A1 

/ mm 

m .01 



US 2006/0200110 A1 

INTRODUCER SHEATH 

RELATED APPLICATION 

[0001] The present patent document claims the bene?t of 
the ?ling date under 35 U.S.C. §ll9(e) of Provisional US. 
Patent Application Ser. No. 60/657,777, ?led Mar. 2, 2005, 
Which is hereby incorporated by reference. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] This invention relates to the ?eld of medical 
devices and, more particularly, to sheaths and catheters for 
use in introducing interventional devices and/or medica 
ments into the vascular system of a patient. 

[0004] 2. Background Information 

[0005] Introducer sheaths are Widely used for delivering 
interventional devices, such as a stent or a stent graft, or for 
delivering ?uid medicaments, to a deployment site Within 
the vasculature of a patient. HoWever, sheaths used to 
deliver such devices and medicaments have a tendency to 
kink, particularly When it is necessary for the catheter to 
traverse tortuous pathWays in the vasculature. Kinking 
reduces the effective inner diameter of the sheath, Which 
often renders it unusable. The tendency to kink is increased 
When the sheath is used to introduce an interventional device 
into one of the many smaller vessels that branch off from 
major vessels. In this event, the sheath may have insu?icient 
?exibility at the very point Where ?exibility is required in 
order to enable proper positioning of the interventional 
device. 

[0006] In order to traverse the narroW con?nes of the 
vascular system, introducer sheaths are generally formed of 
thin-Wall construction. Increasing the thickness of the sheath 
Wall can minimally improve the level of kink resistance. Any 
such increase, hoWever, is inherently undesirable since it 
necessitates the use of a larger entry opening than Would 
otherWise be required, and limits the potential use of the 
device. 

[0007] One introducer sheath With improved kink resis 
tance is disclosed in US. Pat. No. 5,380,304 to Parker. This 
patent is incorporated by reference herein. The introducer 
sheath described in the ’304 patent comprises an inner liner 
formed of a lubricious ?uoropolymer, such as polytetra?uo 
roethylene (PTFE). A coil is compression-?tted around the 
inner PTFE liner. An outer jacket is formed of a heat 
formable polyamide material, such as nylon. The nylon heat 
formable material is heat shrunk onto the PTFE outer 
surface by enveloping it in a heat shrink tube of ?uorinated 
ethylene propylene (FEP), and heating the entire assembly 
until the nylon melts. As the nylon melts, it ?oWs betWeen 
the spacings of the coils and bonds to the outer diameter of 
the PTFE layer. The heat shrink tube is then skived from the 
assembly and discarded. The compression-?tted coil of this 
device reinforces the Wall to provide an extremely kink 
resistant and thin-Walled introducer sheath. 

[0008] The introducer sheath described in the ’304 patent 
has proven to be particularly effective in delivering medical 
devices and medicaments to a patient’s vasculature Without 
kinking. HoWever, the use of the heat shrink layer introduces 
certain ine?iciencies into the sheath formation process. For 
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example, the necessity to discard the heat shrink layer after 
use results in the Waste of a component material. In addition, 
the necessity to skive the heat shrink layer introduces a 
source of ine?iciency, resulting from the introduction of an 
additional step into the process. Furthermore, the skiving 
step must be performed With extreme precision to insure that 
the underlying nylon tubing layer is not inadvertently cut. If 
this occurs, the entire sheath must be discarded, thereby 
adding another layer of ine?iciency to the overall manufac 
turing process. Still further, the use of conventional heat 
shrink tube materials necessitates the use of a higher melting 
temperature than Would otherWise be required if loWer 
melting materials could be utiliZed. 

[0009] Another problem With existing introducer catheters 
and sheaths is that they sometimes lack su?icient stiffness 
When they are used to introduce certain interventional 
devices during an emergency procedure. Since most such 
sheaths have very small outer diameters, they are particu 
larly prone to being bent and kinked under the time con 
straints that may arise during an emergency situation. If 
kinking occurs during such situations, the sheath becomes 
unusable and a neW sheath must be introduced at the same 
or another access site. During emergency procedures, time is 
normally of the essence, and the necessity to repeat certain 
actions taken on the part of the medical team is inherently 
undesirable. In addition, the necessity to discard an unusable 
sheath and replace it With a neW one adds unnecessary 
expense to the procedure. 

[0010] It is desired to provide an introducer sheath that 
may be manufactured in an efficient manner, and that does 
not result in the Waste of component materials. In addition, 
it is desired to provide an introducer sheath that has su?i 
cient stiffness to permit it to be introduced into the vascular 
system to perform an interventional procedure, and yet has 
su?icient ?exibility and kink resistance to permit it to be 
directed to one or more small branch vessels. 

BRIEF SUMMARY 

[0011] The shortcomings of the prior art are addressed by 
the present invention. In one form thereof, the invention 
comprises an introducer sheath having an inner liner and a 
reinforcing member disposed radially outWardly of the inner 
liner. An intermediate layer is positioned longitudinally over 
the reinforcing member and inner liner, and is connected to 
an outer circumferential surface of the inner liner betWeen 
spacings of the reinforcing member. An outer layer is 
positioned longitudinally over the intermediate layer. The 
outer layer comprises a polymer that is at least partially 
cross-linked, Wherein the outer layer is bonded to the outer 
surface of the intermediate layer. Preferably, the outer layer 
comprises a block copolymer, such as polyether block 
amide, having alternate segments of hard and soft blocks, 
and the intermediate layer comprises a thermoplastic poly 
mer, such as nylon. 

[0012] In another form thereof, the present invention com 
prises an introducer sheath comprising a reinforced layer 
having a passageWay extending therethrough, and an outer 
layer bonded to the outer surface of the reinforced layer. The 
outer layer comprises a cross-linked block copolymer hav 
ing alternate segments of hard and soft blocks. Non-cross 
linked segments of the block copolymer are bonded With 
active functional groups of the reinforced layer. 
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[0013] In still another form thereof, the present invention 
comprises a method for forming an introducer sheath. Ini 
tially, an assembly is provided comprising an inner liner, a 
reinforcement disposed over the inner liner, and a polymeric 
intermediate layer disposed over the inner liner. The assem 
bly is positioned Within a heat shrinkable material compris 
ing a polymeric material capable of bonding With the 
polymeric intermediate layer. The heat shrinkable material 
and the assembly positioned therein are heated to a tem 
perature su?icient to shrink the heat shrinkable material, and 
to melt the polymeric intermediate layer in a manner such 
that an outer surface of the melted polymeric intermediate 
material bonds to the heat shrinkable material, and an inner 
surface of the melted polymeric intermediate layer bonds to 
the inner liner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an illustrative embodiment of a ?exible, 
kink-resistant introducer sheath of the present invention; 

[0015] FIG. 2 is a longitudinal cross-sectional vieW of a 
portion of the Wall of the introducer sheath of FIG. 1, taken 
along line 2i2 ; 

[0016] FIG. 3 is a transverse cross-sectional vieW of the 
introducer sheath of FIG. 1 taken along line 3i3 , With the 
dilator removed; 

[0017] FIG. 4 is a partial cross-sectional vieW of another 
embodiment of an introducer sheath, Wherein the sheath has 
a coil reinforcement; and 

[0018] FIG. 5 is a partial cross-sectional vieW of still 
another embodiment of an introducer sheath, Wherein the 
sheath has a braid and a coil reinforcement. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

[0019] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated in the draWings, and speci?c 
language Will be used to describe the same. It should 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and fur 
ther modi?cations in the illustrated device, and such further 
applications of the principles of the invention as illustrated 
therein being contemplated as Would normally occur to one 
skilled in the art to Which the invention relates. 

[0020] In the folloWing discussion, the terms “proximal” 
and “distal” Will be used to describe the opposing axial ends 
of the inventive sheath, as Well as the axial ends of various 
component features. The term “proximal” is used in its 
conventional sense to refer to the end of the apparatus (or 
component thereof) that is closest to the operator during use 
of the apparatus. The term “distal” is used in its conventional 
sense to refer to the end of the apparatus (or component 
thereof) that is initially inserted into the patient, or that is 
closest to the patient. 

[0021] FIG. 1 shoWs an illustrative ?exible introducer 
sheath 10 according to an embodiment of the present inven 
tion. Introducer sheath 10 includes an outer tube 12, having 
a distal portion 13 and a proximal portion 15. Preferably, 
distal portion 13 tapers to a tapered distal end 14. 
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[0022] In FIG. 1, sheath 10 is shoWn in combination With 
an optional dilator 18 that extends longitudinally through the 
passageWay of the sheath, and a conventional connector hub 
22 that is attached about the proximal end of the sheath. 
Dilator 18 includes a tapered distal end 19 for accessing and 
dilating a vascular access site, e. g., over a conventional Wire 
guide (not shoWn). Amale Luer lock connector hub 20 may 
be attached at the proximal end of the dilator for connection 
to syringes and other medical apparatus. Connector hub 22 
may include a conventional silicone disk (not shoWn) for 
preventing the back?oW of ?uids therethrough. Connector 
hub 22 may also include a side arm 23, to Which a polymeric 
tube 24 and a male Luer lock connector 25 may be con 
nected for introducing and aspirating ?uids therethrough in 
conventional fashion. 

[0023] FIG. 2 is a longitudinal cross-sectional vieW of a 
portion of the Wall of introducer sheath 10 according to an 
embodiment of the present invention. This ?gure illustrates 
the layered structure of the sheath. FIG. 3 is a transverse 
cross-sectional vieW of introducer sheath 10. Dilator 18 has 
been omitted from FIGS. 2 and 3. As illustrated, sheath 10 
comprises an inner liner 31, and a conventional reinforcing 
member, such as Wire braid 34, ?tted around inner liner 31. 
A polymeric intermediate layer 35 is mechanically con 
nected to the outer surface 32 of inner liner 31 through the 
spaced ?laments of the braid 34. An outer layer 38 is formed 
of a heat shrinkable material, such as a polyether block 
amide (PEBA). Outer layer 38 is bonded or otherWise fused 
onto polymeric intermediate layer 35. 

[0024] Braid 34 comprises a plurality of crossed Wires, 
and is preferably formed of medical grade metal or metal 
alloy. Non-limiting examples of such materials include 
stainless steel, and shape memory alloys such as nitinol, a 
nickel-titanium alloy. Braids are Well-knoWn reinforcements 
for medical devices. Those skilled in the art Will appreciate 
that braid 34 may alternatively be formed of other medical 
grade materials knoWn in the art for such use, such as 
polymers and composite materials. The braid may be formed 
With varied numbers, and pitches, of crossed Wires, Which 
number of Wires and pitch may be varied Within segments of 
a particular sheath, all in accordance With knoWn techniques. 

[0025] FIG. 4 illustrates a portion of another embodiment 
of an introducer sheath 50. The embodiment of FIG. 4 is 
similar to the embodiment illustrated in FIG. 2, except that 
the sheath includes a coil reinforcement 54, rather than a 
braid. In this case, coil 54 may be Wrapped, Wound or 
compression ?tted around inner liner 51 in conventional 
fashion. Polymeric intermediate layer 55 is mechanically 
connected to roughened outer surface 52 of the inner liner 
through the coil Windings. As With the braid described 
previously, coil 54 may comprise a metal or metal alloy, 
such as stainless steel, or alternatively may be formed from 
other conventional medical grade materials knoWn in the art 
to be suitable for such use. Preferably, coil 54 is formed from 
?at Wire. Outer layer 58 is formed of a heat shrinkable 
material, as before, and is bonded or otherWise fused onto 
polymeric intermediate layer 55. 

[0026] FIG. 5 illustrates a portion of yet another embodi 
ment of an introducer sheath 70. This embodiment is similar 
to that of FIGS. 2 and 4, except in this instance, sheath 70 
incorporates both a coil 54 and a braid 34 reinforcement. 
Once again, polymeric intermediate layer 75 is mechanically 
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connected to roughened outer surface 72 of the inner liner 
through the coil Windings. Outer layer 78 is formed of a heat 
shrinkable material, as before, and is bonded or otherWise 
fused onto polymeric intermediate layer 75. 

[0027] Typically, a coil reinforcement is utiliZed to pre 
vent kinking or ovaliZing of the sheath. A braid, on the other 
hand, is typically utiliZed to impart torque control to the 
device. Torque control is advantageous When maneuvering a 
lengthy sheath or catheter into distal anatomy. UtiliZing both 
types of reinforcement provides both kink resistance and 
torque control in a single sheath. Although the embodiment 
of FIG. 5 includes the coil as the radially innermost of the 
tWo reinforcements, this need not be the case, and alterna 
tively, the braid may be the innermost reinforcement. In all 
of the embodiments herein, the various reinforcements can 
extend the entire length of the sheath, or less than the entire 
length, all in accordance With knoWn techniques. 

[0028] In the embodiments of FIGS. 2, 4 and 5, respec 
tively, inner liner 31, 51, 71 is typically formed of a 
lubricious material. Preferably, the lubricious material com 
prises a ?uorocarbon, such as PTFE or FEP, or a polyimide. 
Lubricious inner liners for sheaths are Well knoWn in the 
medical arts, and those skilled in the art can readily select an 
appropriate liner for a particular use. The lubricous material 
provides a slippery inner surface 33, 53, 73 for easy insertion 
and WithdraWal of a dilator or other interventional device 
through a passageWay 40, 60, 80 extending longitudinally 
through the interior of respective sheath 10, 50, 70. Prefer 
ably, the radially outer surface 32, 52, 72 of inner liner 31, 
51, 71 is roughened in any conventional manner, such as by 
chemical etching, to form a rough outer surface to facilitate 
bonding With polymeric intermediate layer 35, 55, 75. Inner 
liner 31, 51, 71 also preferably has a substantially uniform 
inner diameter that extends the entire length of passageWay 
40, 60, 80, to enable passage therethrough of the largest 
possible diameter interventional device. The Wall of the 
inner liner Will also preferably have sufficient structural 
integrity to prevent the Wires of the reinforcement from 
protruding into inner passageWay 40, 60, 80. 

[0029] Polymeric intermediate layer 35, 55, 75 comprises 
a polymer that is positioned over and in contact With inner 
liner 31, 51, 71 and reinforcement 34, 54. The ?laments of 
braid 34 in the embodiments of FIGS. 2 and 5, and the Wire 
turns of coil 54 in the embodiments of FIGS. 4 and 5, are 
preferably spaced a sufficient distance from each other such 
that When the intermediate polymeric layer 35, 55, 75 is 
melted as described hereinafter, it ?oWs betWeen the braid 
?laments and/or the Wire turns to bond to the roughened 
outer surface of the inner liner. In a preferred embodiment, 
polymeric intermediate layer 35, 55, 75 comprises a nylon 
(polyamide) or polyurethane, although other conventional 
medical grade materials knoWn to be suitable for such use, 
such as PEBA and PET, may be substituted. 

[0030] Outer layer 38, 58, 78 is formed of a heat shrink 
able material that is capable of forming a secure bond With 
polymeric intermediate layer 35, 55, 75. The heat shrinkable 
material of the outer layer typically has a higher melting 
point than that of the material of the intermediate layer. In 
this manner, upon exposure to a controlled amount of heat, 
the intermediate layer melts and ?oWs betWeen the inter 
stices of the braid and is fused to the roughened outer surface 
of the inner liner. The outer layer compresses the interme 
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diate layer and the inner liner in Well-knoWn manner When 
heat shrink operations are utiliZed. Those skilled in the art 
Will appreciate that the outer layer and the polymeric inter 
mediate layer may be formed from a variety of medical 
grade materials suitable for such purposes, so long as the 
layers are capable of being fused or otherWise bonded or 
securely attached to each other upon the application of heat, 
as described. Unlike many prior art sheaths, the heat shrink 
able outer layer is not skived off from the remainder of the 
sheath folloWing the heat shrink, but rather, remains an 
integral part of the sheath. 

[0031] When the intermediate layer comprises a nylon as 
described, a preferred outer layer material comprises a 
copolymer, and more preferably, a block copolymer such as 
polyether block amide (PEBA). Block copolymers comprise 
alternating segments formed of a harder, or more crystalline 
material, and a softer, or more amorphous, material. When 
the copolymer is PEBA, the harder material comprises a 
polyamide, such as nylon 12, and the amorphous segments 
comprise polyether. The hard and the amorphous segments 
are linked together by urethane groups in knoWn fashion. As 
is Well knoWn in the art, by varying the ratio of the 
polyamide to polyether blocks, PEBA compositions of vary 
ing properties, such as melting point, dimensional stability, 
hardness, etc., may be created. Commercially available 
grades of PEBA typically have a Shore hardness betWeen 
about 72D and 75A. Higher polyamide to polyether ratios 
Will result in a higher Shore hardness (stiffer material), and 
loWer polyamide to polyether ratios result in a loWer Shore 
hardness (softer material). 

[0032] Typically, the outer layer comprises a thermoplas 
tic material that is subjected to at least partial cross-linking. 
When a thermoplastic material is cross-linked, chemical 
links are established betWeen the molecular chains of the 
polymer, thereby resulting in a change of properties in the 
cross-linked material When compared to the non-cross 
linked material. In general, When a thermoplastic material is 
cross-linked, the properties of the cross-linked material 
cause it to behave more in the nature of a thermo set material. 
Thus, the resulting thermoset-like material may have higher 
dimensional stability (hoop strength), higher tensile 
strength, higher stiffness and density, higher melting tem 
perature, improved heat memory, improved chemical resis 
tance, and improved physical strength, among other prop 
erties, When compared to the non-cross-linked 
thermoplastic. Similarly, some properties, such as elonga 
tion and the ability to ?ex, are generally loWer in the 
cross-linked material When compared to the non-cross 
linked material. Thus, for example, When the cross-linked 
material is a block copolymer such as PEBA, the properties 
of the resulting cross-linked material Will generally differ 
from those of the original block copolymer in the manner 
described above. 

[0033] Although cross-linking may be utiliZed to alter the 
properties of a polymeric material as described, it is not 
alWays necessary, or even desirable, to have a-fully cross 
linked material. For example, although the tensile strength 
of the polymer generally increases With increased cross 
linking as described, there typically comes a point at Which 
further cross-linking causes the polymer to become brittle. 
Once a polymer becomes brittle, it may be effectively 
unusable for a particular purpose. Similarly, the other desir 
able properties of a cross-linked material described above 
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may reach a point of diminishing returns With increased 
cross-linking. Thus, it is often desirable to control the 
amount, or degree, of cross-linking of a particular block 
copolymer in order to optimize the desired properties of the 
cross-linked polymer. In some instances a trade-olf must be 
made to arrive at a copolymer that is su?iciently cross-linked 
to be effective for its intended purpose, but not so highly 
cross-linked as to effectively negate the bene?cial results of 
the cross-linking. Those skilled in the art are capable of 
determining such optimal conditions for a particular use 
upon routine experimentation. 

[0034] Cross-linking procedures are Well knoWn in the 
arts. Typically, cross-linking is initiated by chemical means, 
or by irradiation. With chemical initiation, an initiating 
compound, such as a peroxide, is mixed into the matrix of 
the polymer. With irradiation, a material is exposed to 
high-energy radiation to initiate the formation of the 
molecular bonding. Both of these methods have been found 
to effectively promote molecular bonding Within the mate 
rial. In modem practice, irradiation is probably the more 
common mode for initiating the cross-linking reaction. 
Examples of procedures involving the cross-linking of poly 
meric compositions for use in medical applications are 
discussed, e.g., in US. Patent No. 6,663,646 and US. Patent 
No. 6,596,818, the disclosures of Which are incorporated by 
reference herein. 

[0035] In general, it is easier to control an irradiation than 
a chemical reaction, and an irradiation may be carried out at 
loWer temperatures than most chemical cross-linking chemi 
cal reactions. Those skilled in the art are Well aWare of 
various chemical, and irradiation, means for cross-linking 
polymeric materials, and are able to select a suitable tech 
nique. Similarly, those skilled in the art recogniZe that 
routine experimentation may be required to determine the 
optimal conditions for a particular cross-linking operation, 
such as an optimal irradiation agent and an optimal time and 
manner of irradiation, for a particular desired outcome. 

[0036] When the material to be cross-linked is PEBA, in 
Which the polyamide blocks and the polyether blocks are 
separated by a urethane functional group as described, it is 
preferred to carry out the cross-linking reaction of the PEBA 
copolymer in a manner such that it is primarily the urethane 
groups that undergo cross-linking, and the polyamide groups 
are subject to only minimal, if any, cross-linking. Appropri 
ate selection of the conditions of the cross-linking, such as 
the type of material to be cross-linked, the type of cross 
linking that the material Will undergo (i.e., chemical v. 
irradiation), the type of initiator utiliZed, and the time and 
conditions of the cross-link operation, among other Well 
knoWn variables, enable the PEBA to be cross-linked in a 
manner to provide a satisfactory material for use in a 
particular operation. Suitably cross-linked materials may be 
obtained from commercial sources. One preferred cross 
linked PEBA material suitable for use herein is available 
from Cobalt Polymers, of Cloverdale, California. This cross 
linked material is durable, highly ?exible, has loW longitu 
dinal shrinkage, and is available at a high Shore hardness of 
72D. 

[0037] By providing a cross-linked PEBA material in 
Which the polyamide groups are substantially intact and free 
of cross-link, these groups remain available for further 
reaction, such as hydrogen bonding to other active groups, 
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in this case, the amide groups of the adjacent nylon inter 
mediate layer. Cross-linking PEBA in this manner provides 
the bene?cial thermoset-like properties described above, but 
advantageously retains a modicum of desirable thermoplas 
tic qualities, such as strength and elasticity. It also advan 
tageously maintains a suf?cient number of the polyamide 
functional groups in a condition suitable for later bonding to 
the nylon intermediate layer. 

[0038] In most cases, it is expected that a highly cross 
linked copolymer Will be desirable for use as an outer jacket 
in an introducer sheath. A highly cross-linked outer layer has 
a high hoop strength (dimensional stability), a high hardness 
level, and an enhanced ability to shrink upon exposure to 
heat. As a result, the cross-linked heat shrink layer is very 
effective in compressing the intermediate layer onto the 
reinforcing layer and the inner liner. The degree of cross 
linking may optimally be established by routine experimen 
tation such that it is not so high that it results in a brittle outer 
layer, nor so loW that it does not achieve the desired 
thermoset-like properties. Those skilled in the art Will appre 
ciate that the degree of cross-linking can be varied as 
desired, to achieve these desired properties, or others, for a 
particular sheath. 

[0039] Although the outer layer has been described herein 
as comprising polyether block amide (PEBA), other cross 
linkable polymers may similarly be used in a particular 
application. For best results, a copolymer formed of alter 
nating hard blocks and amorphous blocks Will be utilized. 
Similarly, the copolymer should be selected such that fol 
loWing cross-linking, the copolymer has a suf?cient number 
of non-cross-linked active sites (analogous to the amide sites 
on the PEBA copolymer) that are capable of forming a 
secure bond With the adjoining inner layer of the sheath. A 
non-limiting list of other polymeric compositions that may 
be utiliZed as an outer heat shrink layer under appropriate 
conditions includes polyole?ns, PET and FEP. 

[0040] Similarly, although the introducer sheath Was 
described as having an intermediate nylon layer, the inter 
mediate layer may alternatively be formed of any material 
capable of forming a secure bond With the cross-linked 
copolymer of the outer layer. Those skilled in the art Will 
appreciate that although a nylon intermediate layer and a 
PEBA outer layer have been described in the example 
provided herein, any other suitable combination of polymers 
may be utiliZed as an intermediate layer and an outer layer, 
such that the bene?ts of the present invention are obtainable 
thereby. Cross-linked PEBA is believed to be suf?ciently 
bondable to a large number of polymers presently used in 
sheaths, and Which polymers Would be suitable for use 
herein. Non-limiting examples of such polymers include 
nylons and other polyamides, polyurethanes, certain grades 
of PEBA and polyethylene terephthalate (PET). 

[0041] Although the sheath has been described herein as 
including a discrete inner liner, the sheath need not neces 
sarily have a liner. Although such liners are often bene?cial 
for a particular use of the sheath, this Will not alWays be the 
case. In some instances, the layer in Which the reinforcement 
is disposed may contain suf?cient lubricity and hoop 
strength for the intended purpose of the sheath that the inner 
liner may be omitted. In other instances, the expected use of 
the sheath does not mandate the speci?c properties provided 
by the inner liner. When the inner liner is omitted, the layer 
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referred to hereinabove as the “intermediate” layer Will more 
properly be referred to as the inner layer, and the copolymer 
Will continue to be referred to as the “outer” layer. 

[0042] A method for forming a sheath according to the 
present invention Will noW be described. Conventional intro 
ducer sheaths typically comprise an inner ?uorocarbon liner 
such as PTFE, a reinforcement layer comprising a braid 
and/or a coil, and an outer jacket formed of a heat-formable 
thermoplastic material such as nylon. In the prior art intro 
ducer sheaths, the thermoplastic heat formable material is 
heat shrunk onto the PTFE outer surface by enveloping the 
assembly in a heat shrink tube comprising FEP, PET or an 
ole?n, and heating the entire assembly until the thermoplas 
tic material melts. As this material melts, the shrinkage of 
the heat shrink material compresses the melted thermoplas 
tic material and forces it to How betWeen the uniform 
spacings of the coils, thereby bonding the outer thermoplas 
tic material to the outer diameter of the inner liner. The heat 
shrink tube does not bond to the nylon layer during heating. 
After the assembly has cooled, the heat shrink tube is skived 
from the assembly and discarded. A typical process for 
preparing such prior art introducers is described in the 
incorporated-by-reference U.S. Patent No. 5,380,304. 

[0043] Preparation of the introducer sheaths of the present 
invention may be commenced in a manner similar to the 
preparation of the sheaths of the ’304patent. HoWever, 
instead of enveloping the assembly (i.e., the inner liner, 
reinforcement and nylon layer) in a non-bonding heat shrink 
material as in the conventional process, the assembly in the 
inventive method is placed Within a heat shrink material that 
is capable of bonding With the thermoplastic nylon layer via 
secondary molecular forces. Ideally, the intermediate layer 
Will melt ?oW someWhere betWeen the shrink temperature 
and the degradation temperature of the outer cross-linked 
layer. HoWever, the intermediate layer may melt ?oW but not 
degradate at a temperature that is loWer than the shrink 
temperature of the outer layer. Typically, the outer layer 
comprises a cross-linked block copolymer. Most preferably, 
the outer layer comprises cross-linked PEBA, as described 
herein. 

[0044] The particular hoop strength of the resulting intro 
ducer sheath depends on several variables, such as the Wall 
thickness and the Shore hardness of the sheath, as Well as the 
degree of cross-linking of the material. Hoop strength may 
also depend on the diameter at Which the shrink tube has 
recovered. Hoop strength tends to be Weaker at maximum 
expansion and at the recovered diameter. It is typically 
highest at about half Way to recovery. Those skilled in the art 
Will appreciate that careful selection and control of these 
variables alloWs one to prepare a sheath having a desired 
hoop strength. 

[0045] Because the PEBA heat shrink material bonds to 
the thermoplastic intermediate layer as described, care 
should be taken to ensure that air pockets are not trapped in 
the system When fusing. Trapped air pockets may form 
cavities, Which have an adverse effect on the ?nal product. 
There are tWo particularly preferred methods to fuse the 
outer layer to the intermediate layer in a manner to minimize 
the formation of air pockets. One such method involves 
fusing or bonding the respective layers in a longitudinal 
manner from one axial end (designated here as the ?rst end) 
to the other axial end (designated here as the second end). 
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This alloWs air to escape out the second end as the fusing 
progresses from the ?rst end to the second end. This can be 
accomplished, e.g., using a heating element such as a die or 
a forced convection heater. The catheter assembly may also 
be passed through an RF coil that heats up the braid, coil or 
a fusing mandrel. In this instance, only the portion of the 
catheter that is directly Within the RF coil Will heat up, this 
alloWing the operator to sequentially heat the catheter from 
one end to the other. A second method is to pull a vacuum, 
thereby evacuating any air in the catheter assembly. This 
Would alloW the catheter assembly to be fused in a regular 
convection oven. 

[0046] Shrink temperatures for a sheath of the present 
invention can vary Widely, depending on material. Polyole 
?n has a loW shrink temperature of about 290° F. (143° C.), 
hoWever it can Withstand temperatures up to about 450° F. 
(232° C). PET shrinks at 302° F. (150° C.) but melts at 374° 
F. (190° C.). This limited range limits the number of 
materials that it can fuse. PEBA shrinks at 340° F. (171° C.) 
and Will not degrade at temperatures under about 500° F. 
(260° C.). FEP shrinks at 375° F. (190° C.), but does not 
degrade until temperatures exceed 600° F. (315° C.). The 
temperature range for PEBA gives it an advantage over PET 
because some ther'moplastics require higher temperatures to 
melt. Polyole?n has a good temperature range, but does not 
have the same hoop strength as PEBA. FEP requires high 
temperatures, but generally must be provided With a thick 
Wall (greater than about 0.13 mm). In vieW of these prop 
erties, and particularly its ability to laminate to the nylon 
intermediate layer in the preferred embodiment described 
herein, cross-linked PEBA is the preferred heat shrink 
material. Abond formed under these conditions typically has 
suf?cient strength to resist delamination under conditions 
expected to be encountered during use of the sheath. 

[0047] Unlike the prior art process, When the process of 
the present invention is utiliZed to form an introducer sheath 
it is not necessary to skive off and discard the material of the 
heat shrink envelope. Rather, the heat shrink material has 
suf?cient hoop strength such that it is securely fused With the 
intermediate layer 35 (FIG. 2), 55 (FIG. 4), 75 (FIG. 5) 
under the conditions of the heat shrink operation. As a result, 
the material of the heat shrink envelope is simply left in 
place on the entire assembly after the assembly has cooled. 
Since the material need not be skived from the assembly, the 
ef?ciency of the operation, as Well as its yield, are improved. 
Proper fusion of the heat shrink material onto the polymeric 
intermediate layer minimiZes the risk of delamination of the 
heat shrink outer material during use of the sheath. 

[0048] It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, 
and that it be understood that it is the folloWing claims, 
including all equivalents, that are intended to de?ne the 
spirit and scope of this invention. 

1. An introducer sheath comprising: 

an inner liner having a passageWay extending longitudi 
nally therethrough; 

a reinforcing member disposed radially outWardly from 
said liner; 

an intermediate layer positioned longitudinally over said 
reinforcing member and inner liner, said intermediate 
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layer connected to an outer circumferential surface of 
the inner liner betWeen spacings of the reinforcing 
member; and 

an outer layer positioned longitudinally over said inter 
mediate layer, said outer layer comprising a polymer, 
Wherein at least a portion of said polymer is cross 
linked, and Wherein said outer layer is bonded to an 
outer surface of said intermediate layer. 

2. The introducer sheath of claim 1, Wherein said outer 
layer comprises a block copolymer comprising alternate 
segments of hard and soft blocks, and said intermediate layer 
comprises a polymer having active functional groups; and 
Wherein non-cross-linked segments of said block copolymer 
are bonded With said active functional groups of said poly 
meric intermediate layer. 

3. The introducer sheath of claim 2, Wherein said block 
copolymer comprises a polyether block amide having alter 
nating hard polyamide blocks and soft polyether blocks, and 
said intermediate layer comprises nylon; and Wherein non 
cross-linked polyamide blocks are bonded to active amide 
groups of said nylon intermediate layer. 

4. The introducer sheath of claim 3, Wherein the polyether 
block amide includes urethane linking sites, and said poly 
ether block amide is cross-linked at said urethane sites. 

5. The introducer of claim 3, Wherein the polyether block 
amide has a Shore hardness betWeen about 75 A and 72 D. 

6. The introducer sheath of claim 1, Wherein the reinforc 
ing member comprises a braid, a coil, or a combination of a 
braid and a coil. 

7. The introducer sheath of claim 1, Wherein the inner 
liner comprises a ?uorocarbon. 

8. An introducer sheath comprising: 

a reinforced layer having a passageWay extending longi 
tudinally therethrough, said reinforced layer compris 
ing active functional groups; and 

an outer layer bonded to an outer surface of said rein 
forced layer, said outer layer comprising a partially 
cross-linked block copolymer comprising alternate seg 
ments of hard and soft blocks, Wherein non-cross 
linked segments of said block copolymer are bonded 
With said active functional groups of said reinforced 
layer. 

9. The introducer sheath of claim 8, Wherein said rein 
forced layer comprises a nylon compound having active 
amide groups, and said block copolymer comprises a poly 
ether block amide having alternating hard polyamide blocks 
and soft polyether blocks, and Wherein non-cross-linked 
polyamide blocks are bonded to said active amide groups of 
said reinforced layer. 

10. The introducer sheath of claim 8, Wherein the rein 
forcing layer includes a braid, a coil, or a combination of a 
braid and a coil. 

11. A method for forming an introducer sheath, compris 
ing: 
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providing an assembly comprising an inner liner, a rein 
forcement disposed over said inner liner, and a poly 
meric intermediate layer disposed over said inner liner; 

positioning the assembly Within a heat shrinkable mate 
rial, said heat shrinkable material comprising a poly 
meric material capable of bonding With the polymeric 
intermediate layer; and 

heating the heat shrinkable material and the assembly 
positioned therein to a temperature su?icient to shrink 
the heat shrinkable material, and to melt the polymeric 
intermediate layer in a manner such that an outer 
surface of the melted polymeric intermediate material 
bonds to the heat shrinkable material and an inner 
surface of the melted polymeric intermediate layer 
bonds to the inner liner. 

12. The method of claim 11, Wherein said heat shrinkable 
material comprises a cross-linked copolymer having active 
functional groups, said active functional groups capable of 
bonding With active functional groups of said intermediate 
layer. 

13. The method of claim 11, Wherein said heat shrinkable 
material comprises a block copolymer comprising alternate 
segments of hard and soft blocks, and said intermediate layer 
has active functional groups; and Wherein non-cross-linked 
segments of said block copolymer bond With said active 
functional groups of said intermediate layer. 

14. The method of claim 13, Wherein said block copoly 
mer comprises a polyether block amide having alternating 
hard polyamide blocks and soft polyether blocks, and said 
intermediate layer comprises nylon, and Wherein non-cross 
linked polyamide blocks are bonded to active amide groups 
of said nylon intermediate layer. 

15. The method of claim 14, Wherein the polyether block 
amide includes urethane linking sites, and said polyether 
block amide is cross-linked at said urethane sites. 

16. The method of claim 14, Wherein said heating step is 
carried out at a temperature not exceeding about 2600 C. 

17. The method of claim 12, Wherein said reinforcement 
comprises a braid, a coil, or a combination of a braid and a 
coil, and Wherein said reinforcement is at least partially 
embedded in said melted intermediate layer. 

18. The method of claim 12, Wherein the inner liner 
comprises PTFE, said reinforcement comprises a metal or a 
metal alloy, said polymeric intermediate layer comprises 
nylon, and said heat shrinkable material comprises polyether 
block amide. 

19. The method of claim 11, Wherein said polymeric 
intermediate layer is sequentially fused to the heat shrink 
able material from one axial end of the heat shrink material 
to the other axial end. 

20. The method of claim 11, Wherein said heating step is 
carried out under a vacuum. 


